Women who give birth to children with fetal alcohol spectrum disorder (FASD) may be at increased risk for suicide; however, there are few data in this area. The objective of this study was to compare rates of suicide between women who had given birth to children with FASD and women who had not given birth to children with FASD during critical periods in their lives, including before pregnancy, during pregnancy, during the postpartum period (maternal death) and until the end of the study period.
S
uicide is the most common cause of maternal death in developed countries. 1 Maternal death is defined as death occurring from direct (obstetric complications) or indirect (conditions not directly related to obstetric) causes between 42 and 356 days post partum.
1,2 Few Canadian studies have examined the rates of maternal death due to suicide, and there is no individual-level investigation of maternal deaths to identify contributing factors. 3 Identifying groups of vulnerable women who are at risk for suicidal behaviour is crucial for the development of effective prevention strategies.
Women who give birth to children with fetal alcohol spectrum disorder (FASD) may be at increased risk for suicide. These women have histories of frequent, heavy alcohol use, and there is a strong association between alcohol dependence and suicide. [4] [5] [6] [7] [8] [9] [10] They also have complex histories that may place them at risk for suicide, including abuse, poverty, substance use disorders, intergenerational trauma [11] [12] [13] [14] [15] [16] and high rates of psychiatric disorders. [17] [18] [19] [20] These women often experience stigma and are afraid of losing their children to child welfare systems, 13, [21] [22] [23] which can lead to hopelessness and helplessness, strong risk factors for suicidal behaviour. 10, 24 The objective of this study was to compare suicide rates among women who had given birth to a child(ren) with FASD and those who had not given birth to a child(ren) with FASD during critical periods in their lives, including before pregnancy, during pregnancy, during the postpartum period (maternal death) and until the end of the study period. The identification of suicide risk during critical periods in the lives of women with children with FASD may aid in the development of targeted prevention and support programs. It is important to note that we are not drawing associations between the diagnosis of FASD in a child and maternal suicide, as FASD may be diagnosed years before the suicide attempt. We are using the FASD diagnosis to identify a potentially vulnerable group of women with alcohol use issues who may require targeted, multifactorial interventions to decrease suicide risk.
Methods

Study setting and design
This was a retrospective analysis of the Manitoba Mothers and FASD cohort, 25 which consists of mothers of children born in Manitoba between Apr. 1, 1984, and Mar. 31, 2012 in whom FASD was diagnosed between Apr. 1, 1999, and Mar. 31, 2012, with follow-up until Dec. 1, 2013. We chose 1999 as the first year to ascertain FASD diagnosis because this was when accurate FASD diagnosis data became available. We investigated suicide attempts in the 5 years before and up to 1 year after the birth of the child until the end of the study period, resulting in a total study period of Apr. 1, 1979 , to Dec. 1, 2013.
Data sources
We used administrative data from the Manitoba Population Research Data Repository (MPRDR), housed at the Manitoba Centre for Health Policy (MCHP), and clinical assessment data from the Manitoba FASD Centre, a referral/diagnostic centre for FASD in the province, as the primary data sources. Deidentified health records are transferred to the MCHP from the government department that administers the universal health insurance program for the province and contain scrambled identifiers that allow for linkages across multiple databases. Linkages are performed with the use of de-identified, unique personal health identification numbers. Data on suicide attempts and completions as well as all-cause mortality from Manitoba Vital Certificates of mortality include cause of death, physician reimbursement claims and hospital discharge abstracts (Appendix 1, available at www.cmajopen.ca/ content/5/3/E646/suppl/DC1). Data in the MPRDR have been widely used for health research, and the reliability of the databases has been well established. [26] [27] [28] [29] [30] [31] [32] [33] The MPRDR contains information for all people eligible or registered for health insurance benefits through the Manitoba Health Insurance Plan. The MPRDR identifies all residents in the province except those insured by the federal government (such as military personnel and federal inmates), who account for less than 0.5% of the provincial population).
Cohort formulation
Women were drawn from the entire population of women with a child(ren) born in Manitoba between Apr. 1, 1984, and Mar. 31, 2012 . Two groups were generated: women who had given birth to a child with FASD (FASD group), and a comparison group of women who had not given birth to a child with FASD ( Figure 1 ).
FASD group
We used clinical data from the Manitoba FASD Centre to ascertain all children and youth (birth to 21 yr) in whom FASD had been diagnosed between 1999 and 2012. The mean age at diagnosis was 8.2 (standard deviation 4.89) years, range birth to 26.43 years. The Manitoba FASD Centre database was linked to administrative data from the MPRDR to identify these children's birth mothers. Only women who could be linked to their children, who had postal code information and who were Manitoba residents registered to receive health care in the province and covered from the birth of their child until December 2013 were included.
Comparison group
Women whose children did not receive an FASD diagnosis from the Manitoba FASD Centre, who had no record of alcohol use during pregnancy and whose children had no evidence of FASD from the MPRDR were drawn from the MPRDR and were matched with up to 3 women in the FASD group on month of birth of the index child, socioeconomic status and region of residence. To decrease the likelihood that women in the comparison group had children with undiagnosed FASD, we used the following exclusion criteria: 1) assessment of any of the woman's children at the Manitoba FASD Centre, 2) a child who had a diagnosis of FASD as recorded in hospital or physician claims data with the following International Classification of Diseases (ICD) codes: a hospital visit with ICD-9-CM code 760.71 or ICD-10-CCA code 86.0, or a physician visit with any ICD-9 code 760, 3) a child who had prescriptions for psychostimulants or risperidone, 4) a child with a diagnosis of attention-deficit/hyperactivity disorder (owing to the high comorbidity of FASD and attention-deficit/hyperactivity disorder diagnoses 34, 35 ), 5) involvement in the InSight Mentoring Program (a program that provides support for women with alcohol and substance abuse issues), 6) a history of substance abuse disorder (including alcohol) during pregnancy as indicated in the physician and hospital claims, 7) indication of use of alcohol during pregnancy on the newborn risk screen and 8) a child who had received special education funding, indicating severe to profound disability.
Suicidal behaviour
Attempts
In both groups, we analyzed the total number of suicide attempts (defined as any hospital admission with any diagnosis of a suicide attempt, including accidental and self-inflicted poisoning, poisoning with undetermined intent and selfinflicted injuries; see Appendix 2, available at www.cmajopen. ca/content/5/3/E646/suppl/DC1, for ICD codes) and the total number of women who attempted suicide at least once during the 5 years before the birth of the index child, during pregnancy, during the postpartum period (birth to 1 year after birth) and from 366 days after birth to the end of the study period. 
Completions
In both groups, we analyzed the number of suicide completions (see Appendix 2 for ICD codes) during the postpartum period (maternal death due to suicide) and after the birth of the index child until the end of the study period.
Statistical analysis
We modelled adjusted relative rates (RRs) for the outcome variables using generalized linear models with a Poisson or negative binomial distribution. All analyses tested for differences between groups and adjusted for covariates. To model the rates of events for the 2 groups, we created a summary data set for the total number of events (e.g., total number of suicide attempts before birth) for unique strata and the total number of person-years at risk for the strata. We included the log of the total number of person-years as an offset in the model to produce an analysis of rates of events rather than simple counts and to generate estimates of adjusted RRs of events. We included woman's age at the birth of the index child and socioeconomic status at the birth of the index child as potential covariates in each of the models generating rates of suicide attempts and completions. We defined socioeconomic status according to area-level data on mean household income from census information. Area-level income quintiles were ranked from 1 (lowest) to 5 (highest) on the basis of ranges of mean household income. 36 For models investigating rates of women who attempted or completed suicide, we adjusted for suicide attempts in the 5 years before the birth of the index child to account for preexisting mental health issues (see Appendix 3, available at www.cmajopen.ca/content/5/3/E646/ suppl/DC1, for ICD codes).
Ethics approval
Ethics approval was received from the University of Manitoba's Health Research Ethics Board.
Results
The participants consisted of women born between 1946 and 1992, with ages ranging from 14 to 46 years at the birth of the index child (Table 1) . Women in the FASD group (n = 702) were more likely than those in the comparison group (n = 2097) to be single parents and to be younger at first birth, and tended to have lower socioeconomic status, higher gravidity and higher parity, and a higher proportion had mental disorders (Table 1) .
During the study period, 101 women died, of whom 75 (74.2%) were in the FASD group. The most common cause of death in the FASD group was intentional self poisoning/harm.
Suicide attempts
There were a total of 10 103.40 person-years for the FASD group and 29 331.55 person years for the comparison group for the analysis of suicide attempts until the end of the study period. Fewer than 6 women in either group attempted suicide during pregnancy or the postpartum period (the exact numbers are not reported in order to adhere to the MCHP 
Interpretation
The results of our study indicate that women who give birth to children with FASD have increased social complexities, including low socioeconomic status, single parenthood and higher gravidity and parity, and higher rates of mental health disorders, which may place them at higher risk for suicide attempts and completions later in life. These women also have higher rates of all-cause mortality, which highlights the overall high-risk nature of this cohort. Women in the FASD group did not have an increased risk of death due to suicide during pregnancy and the postpartum period. However, they did have higher rates of prenatal and postpartum psychological distress than the comparison group. Furthermore, a higher proportion of women in the FASD group had mental disorders and prenatal and postpartum psychological distress. These results emphasize the complex relation between mental health disorders, high levels of alcohol consumption and suicide.
Our results are consistent with those of a previous study of women who had given birth to children with FASD conducted in a Northern Plains Indians population, which showed a rate of attempted suicide of 40% and high rates of intentional and accidental injuries. 22 Our study contributes to the sparse knowledge base in this area by reinforcing that women who give birth to children with FASD are at increased risk for suicide attempts and completions later in life.
Strengths and limitations
We used validated population-level data and had a large sample, which enhances the generalizability of our results. Previous investigators used survey and interview data, 22 which are limited by recall bias. A limitation of our study is the use of a clinically referred sample rather than a population-based sample, which limits the generalizability of the findings. However, the use of this clinically based sample is also a strength, as confirmation of alcohol use during pregnancy at a level associated with teratogenicity (i.e., a diagnosis of FASD) is required as part of the clinical assessment. The FASD group did not include women with alcohol use disorders who did not have a child(ren) referred for FASD assessment. Moreover, although we took great care in excluding all women with possible alcohol use during pregnancy, we cannot be certain that there were no women in our comparison group who had unreported alcohol use during pregnancy.
Suicide attempts are often undercoded in administrative databases, as physicians may list underlying mental illness as the diagnosis or may not accurately chart the occurrence of suicidal behaviour. 37 There is low sensitivity in the use of these data to track the prevalence of suicide outcomes. Findings from a validation study comparing emergency depart- Table 1 (part 2 of †Except where indicated otherwise. ‡Because data were missing for fewer than 6 women, the "missing" category was combined with the ≥ 35 years category to ensure that the privacy rules of the Manitoba Centre for Health Policy were adhered to. §Because data are available after 1995, the denominator was limited to women who had babies after 1998 to ensure that 3 years of data were available before the birth of the child. ¶Includes voluntary or involuntary involvement with Child and Family Services of any child of the mother or the mother herself (if she was under the age of 18 at the time), including any support services or out-of-home placements. **Includes substance abuse, personality disorder, mood and anxiety disorder, schizophrenia, prenatal psychological distress. †Diagnosis 3 years before birth of index child. ‡ ‡Suppressed to ensure that the privacy rules of the Manitoba Centre for Health Policy were adhered to. § §Diagnosis 8 months before birth of index child. ¶ ¶Diagnosis 12 months after birth of index child. ment and patient coding for suicide and self-harm attempts versus clinical assessment data suggest that research using hospital and physician claims to identify suicidal outcomes in patients misses up to one-half to two-thirds of outcomes. 37 Furthermore, only women who received medical care owing to a suicide attempt or whose death had been classified as a suicide would have been included in our study. Administrative data also do not capture suicidal ideation, which results in further underestimation of the burden of suicidal behaviour in this population. Moreover, we do not report the true prevalence of psychiatric disorders in our cohort but, rather, the prevalence of use of physician services for psychiatric illness, as MCHP data are dependent on women's making contact with the health care system. Therefore, our study excludes women with undiagnosed psychiatric disorders and women who had not been assigned relevant diagnostic codes. Mental disorders among women who sought care only from a psychologist or support group would not have been captured.
The administrative data that we used are not collected for research purposes, and there may be unmeasured risk factors that develop or change in the time to suicide that our analysis could not account for. Future research exploring factors that place women at higher risk for suicide that cannot be investigated with administrative data should be conducted. We also could not identify what proportions of women in our study population were from Indigenous communities. Given that suicide is a significant issue in those communities, 38, 39 it would be important to conduct an analysis to describe the burden of suicide among Indigenous women who give birth to children with FASD.
Finally, our results indicate that women with substantial alcohol use during pregnancy are not at higher risk for maternal death (death during the postpartum period) due to suicide. Further analysis with a larger sample should be conducted to confirm this finding, as suicide attempts are difficult to study in shorter periods.
Conclusion
Women who give birth to children with FASD are at increased risk for suicide attempts and completions. This is likely a reflection of the social complexities faced by this group of women as well as the high rates of mental disorders and high levels of alcohol consumption in this population.
Interventions are needed that screen for suicidal behaviour in women who are at high risk to consume alcohol during pregnancy and have mental disorders. Interventions are also needed to provide mental health support for women who have alcohol-exposed fetuses to help prevent suicide later in life. Note: CI = confidence interval, FASD = fetal alcohol spectrum disorder, RR = relative rate. *Adjusted for age at birth of index child and socioeconomic status. †Adjusted for age at birth of index child, socioeconomic status and suicide attempts in the 5 years before birth of index child. ‡For entire study period (i.e., 5 years before birth of index child until Dec. 1, 2013).
